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Description 

This invention relates to a fastener for fixation of 
objects to bone. 

A variety of techniques are available for affixing 
objects, such as soft tissue, to bone. The oldest tech- 
nique for affixing soft tissue to bone is to pass a thread 
through the bone and sew the tissue down to the bone. 
Many sizes, shapes and types of suture and needles 
are available to accomplish this task. Today, this method 
is still used for repair of tendons and ligaments in the 
hands of older osteoarthritic patients, although passing 
sutures through bone is generally difficult and tedious. 

Venable et ai (1937), Annals Sung., Vol. 105, pp. 
91 7-38, describes reactions of bone to metals, and rec- 
ommends using Vitalium, an iron free and body fluid 
resistant alloy, for internal fixation devices, and particu- 
larly for screws. Prior to this publication, soft tissue 
repairs generally had been accomplished with string 
(suture), silver wires, or ivory pegs. Following publica- 
tion of Venable et a/., screws came into common surgi- 
cal use, at first for repairing bone fractures, and later for 
attaching soft tissue to bone. 

Vrtalium staples were described for use in soil tis- 
sue repairs about 1940. Later many different types and 
styles of staple were suggested, including, for example, 
staples having four legs, or barbs in the legs, or various 
configurations of crossmember, including dentitions. 

Metal implants, including implants made of stain- 
less steel, are subject in time to corrosion and conse- 
quent loss of structure. Moreover, the presence of metal 
in an anatomical site can interfere with certain imaging 
diagnostic or therapeutic treatments near the site, such 
as magnetic resonance imaging; and where the use of 
such imaging is indicated, any metal implants may first 
have to be surgically removed. Patient sensitivity to free 
nickel ions in stainless steel implants has fueled a grow- 
ing controversy regarding the use of materials contain- 
ing high quantities of nickel, including nickel-titanium 
alloys such as Nitinol. 

Generally, the tissues react to metal screws and 
staples as foreign bodies, and these objects can be 
expected to loosen in time as a result of rejection of 
them by the tissues. A loosened screw or staple can be 
expelled from the bone, and can lodge in a joint, where 
it can cause damage to articulating surfaces. In a signif- 
icant proportion of cases, where the screw or staple has 
been expelled or has loosened, it must be removed in a 
subsequent surgical procedure. 

Since the development of the stainless steel screw 
and staple, many small improvements have been made 
for fixing soft tissue to bone. In one improvement, 
described for example in Daniel et a/., Chapter 8, In: 
Jackson et ai (1987), The Anterior Cruciate Deficient 
Knee, C.V. Mosby, pp. 114-126, a circular plastic 
washer with spikes on its undersurface is installed 
beneath the screw head to provide fixation without 
crushing the tissue, and toothed washer devices have 



been commercialized by, for example, A.O. Synthes, 
Switzerland. This method was until recently widely 
accepted as the best method of fixating soft tissue to 
bone, except in shoulder repair where sutures passed 
5 through holes drilled through the glenoid margin and 

through the edge of the glenoid capsule continue to be < 
used for approximating the capsule to the glenohumeral 
rim, generally as described in Bannkart (1938), British 
Jour. Surg., Vol. 26, pp. 23-39. Rowe etal. (1984), Jour, 
w Bone Joint Surg., Vol. 66A, pp. 159-68, for example, 
describes using a Bankart procedure and in all 
instances avoiding the use of metal implants such as 
staples and screws in the vicinity of the shoulder joint. 
Necrosis of the soft tissue can result if the tissue is 
is too tightly clamped by screws or staples, and several 
attempts have been made recently to improve the soil 
tissue fixation by screws and staples to overcome this 
problem, such as by using toothed washers, as 
described above, or by using stand-off devices to pre- 

20 vent crushing the soft tissue. On the other hand, if the 
soft tissue is too loosely fixed to the bone, the holding 
power of the tissue attachment is inadequate to facilitate 
effective soft tissue reattachment to bone. Because it is 
almost impossible to adjust the compression exerted by 

25 screws and staples on soft tissue, these devices are not 
fully satisfactory for soft tissue repair. The surgeon's 
fondness for suture in soft tissue repairs has never 
diminished, owing primarily to the fact that, by setting 
the tension of the suture, the surgeon can fix the soft tis- 

30 sue to the bone as tightly as is appropriate in the partic- 
ular case and according to the surgeon's practice. 

Somers et ai (1985), US, Patent No. 4,632,100, 
describes a cylindrical suture anchor having a drill 
formed at one end and flights of screw threads at the 

35 other end. The device combines a drill point for pene- 
trating the hard outer cortical bone with a screw for fix- 
ing the device into the hard bone, providing for drilling 
the bone and installing the anchor in one operation. A 
Somers et ai device, marketed as STATAK™ by Zim- 

40 mer, Inc. (Warsaw, Indiana), is screwed into a 4.5 mm 
diameter bone hole, and is intended to be countersunk 
into the cancellous bone to a depth up to 1 8 mm, and so 
it is not ideal for use in smaller joints. The relatively large 
size and the comparatively high cost of the device, and 

45 its requirement for a large hole in the bone, may be a 
deterrent to its use, and it has not been well received. 

Goble et at. (1986). U.S. Patent No. 4,738,255 
describes a suture rivet that can be inserted into and 
locked in place in a preformed hole in bone. The initial 

so pilot hole is cut using a drill having scissoring blades, so 
that the resulting hole is flared or skirted, having a 
greater diameter deeper within the bone than at the 4 
entry to the bone surface. The anchor itself includes a 
rivet and a slotted ring. The slotted ring, which passes 

55 the smaller entry hole, is inserted within the bone, and 
then the rivet is passed into the hole and through the 
ring, fracturing the ring at the point where it is slotted 
and flaring the ring so that it cannot pass out through 
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the entry hole, locking the assembly into the bone hole. 
The Goble ef al. apparatus is relatively complicated, 
and the scissoring device can be unreliable in use. 

Gatturna et al. (1987), U.S. Patent No, 4,898,156, 
describes a suture anchor assembly consisting of a tita- 
nium body affixed to a nickel titanium arc of wire. The 
nickel titanium arc is of pseudoelastic nitinol, which can 
be strained such that the arc will straighten completely, 
allowing the assembly to be placed into a predrilled 
bone hole. The titanium body has a drilled cross hole 
which allows a suture to be attached to the body prior to 
insertion in the bone hole. The installation tool consists 
of coaxially disposed cannulae, which constrain the niti- 
nol arc prior to insertion. 

Nicholson etaJ. (1987), U.S. Patent No. 4,899.743, 
describes a suture anchor installation tool that holds the 
Gatturna et aL suture anchor so that the nitinol arc is 
unconstrained, essentially hanging outside the installa- 
tion tool. Prior to insertion the assembly resembles a 
one barbed fish hook in the end of a small spear. A hole 
is predrilled in the bone, and the anchor assembly is 
gently pushed into the predrilled hole, allowing the 
nickel titanium arc to slide down the side of the hole. A 
Gatturna et al. anchor and Nicholson et at. installation 
tool, commercialized by Mitek surgical Products, Inc., 
beginning in late 1989. have become a preferred 
method of anchoring soft tissue to bone; many were 
sold in the first year following FDA approval. The device 
can be effective in aiding in soft tissue reattachment, 
and has an advantage in requiring a relatively narrow 
hole in the bone. 

However, the Gatturna ef aL anchor is set by apply- 
ing traction to the suture, and so the device does not 
lend itself to use as a rivet, in which no suture would be 
required to anchor the tissue. Moreover, use of the 
device is contraindicated in very soft, cancellous bone, 
as is typical of bone in many joints, so the device is not 
optimal for such procedures as rotator cuff repair, oste- 
oarthritis joint reconstruction, and the like. When the 
Gatturna ef al. anchor is deployed in an arthroscopic 
application using the Nicholson ef al. installation tool, 
the protruding barb can engage sensitive tissues during 
placement and cause damage to the tissues. 

Hayhurst (1988), U.S. Patent No. 4,741,330, and 
international patent Publication No. WO 89/10096 
describes a suture anchor including a generally bullet- 
shaped resilient plastic member having a rounded con- 
vex base from which legs extend. The legs, which are 
provided with outward-pointing barbs on their outer sur- 
face, diverge outwardly when the member is in a relaxed 
state. The member is compressed and inserted into a 
predrilled bone hole, and then allowed to relax, so that 
its resilience is said to urge the legs outward against the 
bone hole wall. The anchor supposed to be set by 
applying tension to the suture, causing the edges of the 
legs and the surface barbs to dig into the bone. A similar 
device, marketed by Acufex Microsurgical, is driven into 
the bone hole apparently into the cancellous bone, and 



is then set by pressing a spreader downward between 
the legs while pulling upward on the suture to force 
open the legs. 

Bays et al. (1990). U.S. Patent No. 4,924,865. 

5 describes a bioabsorbable tack for joining severed or 
torn soft tissues, such as cartilage. The stem of the gen- 
erally T-shaped tack is hollow and covered with barbs on 
its outer surface. The tack is implanted by passing the 
stem through a hollow cylindrical applicator and passing 

w a needle through the axial bore in the stem, then driving 
the needle, tack and applicator through the tissues to 
the desired depth, and then withdrawing the needle and 
applicator, leaving the tack in place. 

US-A-4716893 describes a fastener for anchoring 

is in a bore in a bone which has a screw extending along 
an axis for insertion in a resilient sleeve. The inner por- 
tion of the sleeve has a smaller diameter than the root 
diameter of the screw. When a screw is threaded into 
the sleeve, its threads cut into the outer portion of the 

20 sleeve without substantially deforming and spreading 
the outer portion of the sleeve and then into the inner 
portion of the sleeve with outward deformation and 
spreading of the inner portion of the sleeve. The device 
is used to provide a good hold on the spongy interior of 

25 the bone. 

According to the invention, we claim a fastener for 
coupling an object to bone comprising a sleeve of 
expandable material for insertion into a bone hole, the 
sleeve including an outer surface expandable to con- 

30 form with an inner surface of the bone opening, said 
expandable sleeve having an axial bore defined therein 
extending at least partially between the ends of said 
expandable sleeve; an elongated pin having an end for 
insertion into said expandable sleeve, at least a portion 

35 of said pin having an outer diameter greater than the 
inner diameter of at least a portion of said axial bore, the 
end of said pin for insertion into said sleeve including a 
projection for expansion of the axial bore of said 
expandable sleeve upon engagement of the end of the 

40 said pin with said axial bore of said expandable sleeve; 
characterised in that an axial pin bore extends through 
the pin and allows the passage of a suture. 

The invention allows fixing a suture fastener within 
a narrow, shallow hole predrilled in the bone. The fas- 

45 tener is emplaced by inserting the sleeve into a pre- 
drilled hole in the bone, and then forcing the pin into the 
axial bore, so that the wider portion of the pin presses 
outward against and expands the narrower portion of 
the sleeve, causing the sleeve to forcibly contact the 

so walls of the bone hole and fixing the pin and sleeve 
firmly in place within the hole. 

In some preferred embodiments, the pin includes a 
head for retaining an object to be attached to the bone; 
the sleeve has a generally cylindrical configuration; the 

55 outer surface of the sleeve when the sleeve is expanded 
conforms to irregularities in the bone hole wall; the outer 
surface of the sleeve is provided with a plurality of pro- 
trusions; the outer surface of the sleeve is provided with 



at least one annular ridge; the sleeve is made of a ther- 
moplastic material capable of expanding when pressed 
outwardly by the pin; the thermoplastic material is capa- 
ble of conforming under pressure with irregularities in 
the bone hole wall; the thermoplastic material is prefer- 5 
ably a high density biocompatible polymer such as a 
high density polyethylene, or a high density polypropyl- 
ene; the pin includes an axial bore; the pin is made of a 
high impact material, preferably a high impact biocom- 
patible polymer such as for example a polycarbonate or 10 
a polysulfone or an acetal resin such as DuPont Del- 
rin™. 

We explain below how the fastener may be estab- 
lished in a predrilled hole in bone by the steps of insert- 
ing into the hole an expandable sleeve having an axial is 
bore, and forcing into the axial bore a pin, at least a por- 
tion of the pin having a diameter greater than that of at 
least a portion of the axial bore, so that as the pin is 
forced into the axial bore the wider portion of the pin 
presses outward against the narrower portion of the so 
sleeve, causing the sleeve to expand against the wails 
of the hole and fixing the pin and sleeve firmly in place 
within the hole. 

Preferably, when the pin is forced into the axial bore 
a counter force is imposed on the expandable sleeve in 25 
a direction about opposite from, and in a magnitude 
about equal to, the force imposed on the pin, to mini- 
mize any net force toward or away from the bone during 
the expansion of the sleeve against the walls of the hole. 

According to a preferred embodiment of the inven- 30 
tion, we provide a combination of a bone fastener as 
defined in any of claims 1 to 10 and an apparatus for 
emplacing said bone fastener comprising a holder sev- 
erably attached to the expandable sleeve for holding 
said expandable sleeve in position within the predrilled 35 
hole in the bone, and a plunger moveable in relation to 
said holder for forcing said pin into said sleeve axial 
bore, whereby said pin can be forced into said sleeve 
axial bore without imposing substantial net forces 
toward or away from the bone. ao 

In preferred embodiments, the holder includes a 
generally cylindrically shaped hollow body having a 
front and a rear end, the body being severably attached 
near its front end to the rear end of the expandable 
sleeve, means moveable within the body for forcing the 45 
pin into the expandable sleeve, and means for severing 
the attachment between the holder and the expandable 
sleeve after the pin has been forced into the expandable 
sleeve; the severable attachment of the holder body to 
the expandable sleeve includes an annular portion con- so 
necting the front end of the body to the rear end of the 
expandable sleeve; the severable attachment includes a 
web or a plurality of spoke members connecting the 
front end of the body to the rear end of the sleeve; the 
severable attachment is more resistant to being severed 55 
by forces urging the holder body in a frontward or rear- 
ward direction in relation to the sleeve than in a direction 
perpendicular to the front-to-rear axis; the severable 



attachment is a removable couple, preferably a rotation- 
ally removable couple such as a threaded or bayonet 
attachment; the pin forcing means includes a rod that 
can be moved frontwardly and rearwardly with respect 
to the holder body and that when moved frontwardly can 
abut the rear end of the pin to force it into the axial bore 
in the expandable sleeve; the attachment severing 
means includes a cutting edge such as a cylindrical 
Wade having an annular cutting edge; the severing 
means is activatable independently of the plunger; the 
severing means includes heating means such as, for 
example, a cauterization loop, for softening the attach- 
ment. 

In the drawings, 

Figs 1.1 - 1.4 are a series of diagrams, drawn in 
sectional views along the axis, showing emplace- 
ment into bone of a bone fastener. 
Figs. 2.1 and 2.2 are diagrams, drawn in sectional 
view as in Figs 1.1 and 1.3, showing apparatus for 
effecting emplacement of a fastener. 
Fig. 3 is a drawing as in Fig. 1 .4, but in a less dia- 
grammatic representation, showing deformation of 
the outer portion of the sleeve within irregularities in 
the bone hole wall resulting from forcible expansion 
of the sleeve within the bone hole. 
Figs. 4.1 and 4.2, and 5.1 and 5.2 are diagrammatic 
representations in transverse sectional view, show- 
ing alternative severable attachment of the fastener 
sleeve and the holder. 

Figs. 6.1, 6.2 are drawings in elevational and axial 
views showing a preferred expandable fastener 
sleeve and holder. 

Fig. 6.3 is a section through the axis of the fastener 
sleeve and holder of Fig. 6.1 , and Fig. 6.4 is a detail 
of the portion indicated at D in Fig. 6.3. 
Figs. 7.1, 7.2 are drawings in elevational and axial 
views showing a further preferred expandable fas- 
tener sleeve and holder. 

Fig. 7.3 is a section through the axis of the fastener 
sleeve and holder of Fig. 7.1 , and Fig. 7.4 is a detatf 
of the portion indicated at D in Fig. 7.4. 
Figs. 8.1, 8.2 are drawings in elevational and axial 
views showing a preferred headed pin insertibie 
into the axial bore of an expandable fastener sleeve 
to form a rivet fastener. 

Fig. 8.3 is a section through the axis of the headed 
pin of Fig. 8.1. 

Structure 

The bone fastener described here generally 
includes a pin and an expandable sleeve having an axial 
bore. In its unexpanded state the expandable sleeve 
can be inserted into a predrilled hole in the bone without 
substantial resistance between the wall of the hole and 
outer portions of the sleeve. The diameter of at least a 
portion of the pin is greater than that of at least a portion 
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of the axial bore, so that when the pin is forced into the 
axial bore, the wider portion of the pin presses outward 
against the narrower portion of the sleeve, causing the 
sleeve to expand against the wall of the hole, fixing the 
pin within the sleeve firmly within the hole and providing 5 
the fastener. The pin can be adapted to provide a fas- 
tener for a suture or to provide a rivet. 

The description that follows illustrates, by way of 
example, embodiments of suture fasteners and rivets . 

10 

Suture fastener - ~ 

Fig. 1 .4 illustrates in diagrammatic sectional view a 
suture fastener 10 emplaced in a predrilled hole in 
bone. Pin 12 has been forced into expandable sleeve 15 
14, expanding sleeve 14 to press outer portions 16 
against wall 4 of the hole in bone 2. Suture 20, which 
can be, for example, a standard braided polyester 
(Dacron) suture, is knotted against front end 22 of pin 
1 2 and passes through axial bore 1 8 in pin 1 2 out of the 20 
fastener, where it can be used to attach soft tissue to the 
bone at the fixation site. 

In practice, sleeve outer portions 16 will have 
become distorted as they conform to irregularities in the 
bone hole wall 4 under the outward pressure caused by 25 
the intrusion of the pin 12 into the axial bore of the 
sleeve. Sleeve 14 may, if the expansion is great enough, 
rupture; a ruptured sleeve may provide sufficient fixa- 
tion, provided that the pin 12 is firmly held within. For 
clarity of presentation in the Figs., except in Fig. 3 the 30 
expanded sleeve 14 is shown undistorted; and the bone 
hole is shown as being larger relative to the width of the 
expanded sleeve than would be desirable for firm fixa- 
tion of the fastener. Fig. 3 shows a less diagrammatic 
representation of the appearance in section of a fas- 35 
tener 10 emplaced in a hole in cortical bone 2 whose 
diameter is somewhat less than the diameter of the 
unexpanded sleeve. As Fig. 3 illustrates, the outer sur- 
face of the sleeve 16 is so deformed as it conforms to 
irregularities 5 in bone hole wall 4 that the threaded form 40 
of the outer surface of the unexpanded sleeve is practi- 
cally unrecognizable. The shape assumed by the 
expanded sleeve in any particular bone hole depends in 
part upon characteristics of the particular bone hole and 
of the bone matter itself. 45 

The expandable sleeve 14 is preferably constructed 
of a biocompatible implant material that is sufficiently 
deformabie that, when expanded within the bone hole, 
will conform to a substantial degree with irregularities in 
the bone hole wall, and the pin 12 is preferably con- so 
structed of a relatively hard biocompatible implant mate- 
rial such that the pin can cause the sleeve to expand 
and to deform against and conform to irregularities in 
the bone hole wall. Suitable sleeve materials include, for 
example, an implant grade high density polyethylene, ss 
and suitable pin materials include, for example, an 
implant grade high impact polymer such as a Defrin 100 
acetal resin or a polycarbonate. The sleeve or the pin 
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can be made using a combination of materials, provided 
that they provide for an appropriate combination of bio- 
compatibility, and (in the sleeve) deformability and con- 
formability relative to the bone, and (in the pin) 
incompressibility or hardness relative to the sleeve and 
to the means for forcing the pin into the sleeve axial 
bore, and sufficient rigidity to hold the suture or the 
object to be attached to the bone. 

Figs. 1.1 - 1.3 show emplacement of fastener 10 
within a hole 3 previously drilled in the bone Z at the fix- 
ation site, using preferred emplacement apparatus 30, 
which is adapted to provide for firm fixation of the fas- 
tener without imposing substantial forces upon the bone 
itself in directions toward or away from the bone. 

Referring now to Fig. 1.1, expandable sleeve 14, 
having axial bore 13 and outer surface 15, is shown in 
an unexpanded state, in which the axial bore has a 
diameter a and the outer surface has a diameter b at its 
widest point or points. Diameter b is no greater than the 
diameter c of the bone hole 3, so that sleeve in its unex- 
panded state passes into hole 3 substantially without 
resistance. 

Emplacement apparatus 30 includes a generally 
cylindrical holder body 32 having an inside diameter d 
greater than the outside diameter e of the rear end 1 7 of 
sleeve 14. Sleeve rear end 1 7 is attached to holder body 
front end 34 annular attachment portion 36. 

Pin 12 is shown in Rg. 1.1 poised with its beveled 
front portion 11 close to similarly beveled rear portion 
19 of the inner surface of the expandable sleeve 14. As 
Rg. 1.2 shows, a plunger 40, having a rod 42 sur- 
rounded by a cylindrical blade 44 is introduced by way 
of the rear end 38 of the bolder body 32, and the plunger 
is urged forward, so that its front end 46 abuts rear end 
48 of pin 12. Then plunger 40 is further urged frontward, 
pressing pin 12 before it into axial sleeve bore 13. Figs. 
1 .2 and 1 .3 show the progress of expansion of sleeve 14 
as beveled front portion 11 of pin 12 presses outward 
against the inner surface of sleeve 1 4 as pin 1 2 is forced 
frontward to its full extent, as shown in Rg. 1.3. 

As pin 1 2 approaches its full frontward position, cut- 
ting edge 49 of cylindrical blade 44 approaches, then 
meets, and then passes through annular attachment 
portion 36, severing the sleeve 14 from the holder body 
32, and thereby freeing the fully expanded and firmly 
fixed fastener 10 from the emplacement apparatus 30. 
The emplacement apparatus 30 is then withdrawn, leav- 
ing the fastener and the suture in place at the fixation 
site in the bone. 

Sleeve outer surface 15 has protrusions, shown in 
Rgs. 1.1 - 1.4 as a plurality of annular ridges 16, for 
engaging irregularities in the bone hole wall 4 as the 
sleeve deforms and conforms to the bone hole wall as it 
is forcibly expanded within bone hole 3. 

Rgs. 7.1-7.4 show a more preferred emplacement 
apparatus, generally similar to fastener assembly 30 in 
Rgs. 1.1 - 1.3, but differing in some particulars. Fas- 
tener assembly 230 includes a holder body 232 severa- 
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bly attached to an expandable sleeve 214; the latter has 
an axial bore 213 and an outer surface 215. Expandable 
sleeve 214 (see detail at Fig. 7.4 is shown in an unex- 
panded state, in which the outer diameter b of the outer 
surface 215 is no greater than the diameter of the bone 5 
hole, so that the sleeve passes into the bone hole sub- 
stantially without resistance, as described above with 
reference to Fig. 1.1. Generally cylindrical holder body 
232 has an inside diameter d greater than the outside 
diameter of the rear end 217 of sleeve 214. Expandable u 
sleeve rear end 217 is joined to bolder body front end 
234 by annular attachment-portion 236. Expansion of 
the sleeve 214 within the bone hole is effected by press- 
ing into the axial sleeve bore 213 a pin (not shown in 
Figs. 7.1 - 7.4 having an outer diameter greater than the is 
diameter a of the axial sleeve bore. 

For fixation in, for example, the humoral head or the 
glenoid process, the diameter b of a suitable unex- 
panded sleeve is about 3.5 mm, and the length of the 
engagement portion of the sleeve (that is, the portion of 20 
the sleeve that, when fully emplaced, contacts the bone 
hole wall) is about 10 mm. 

Figs. 6.1 - 6.4 show still another more preferred 
emplacement apparatus, like that of Figs. 7.1 - 7.4 in 
many particulars, but adapted for use with a pin having 25 
a head, to provide a rivet fastener. Such a pin 412 hav- 
ing a head 414 is shown by way of example in, and 
described below with reference to, Figs. 8.1 - 8.3 . Like 
fastener assembly 230, rivet fastener assembly 330 
includes a holder body 332 severably attached to an 30 
expandable sleeve 314 (shown in the unexpanded state 
in the Figs.); the latter has an axial bore 313 and an 
outer surface 315. Generally cylindrical holder body 332 
has an inside diameter d substantially greater than the 
outside diameter of the rear end 31 7 of sleeve 31 4, and 35 
great enough to accommodate the diameter e of head 
414 of pin 412. Expandable sleeve rear end 317 is 
joined to holder body front end 334 by annular attach- 
ment portion 336, which is provided with a circular 
undercut 338 to facilitate separation of the sleeve from 40 
the cylindrical holder body, at the completion of the 
enplacement of the fastener in the bone, as described 
further below. 

Rivet Fastener 45 

We have discovered that a strong and durable rivet 
fastener can be made by using a pin having a head. 

The head of the resulting rivet is thus of strong pin 
material, and the neck portion of the rivet is supported so 
by part of the barrel of the pin. 

Such a headed pin is shown by way of example in 
Figs. 8.1 - 8.2 and a preferred fastener assembly for use 
with a headed pin is shown by way of example in, and 
described above with reference to, Figs. 6. 1 - 6.4 Refer- ss 
ring now to Figs. 8.1 - 8.3, pin 412 has a generally cylin- 
drical barrel 416 traversed by an axial bore 418, 
provided at its rear end with a head 414 and at its front 



end with a beveled portion 41 1 . 

The expandable sleeve 314 passes without resist- 
ance into the bone hole, as described above generally; 
for emplacement as a bone rivet, the sleeve is posi- 
tioned within the bone hole so that an externally smooth 
neck portion 304 projects above the bone surface, to 
provide a standoff between the rivet head and the bone 
surface . 

An annular ridge 302 can retain a tissue-locking 
washer, preventing loss of the washer during insertion 
of the sleeve into the bone hole. 

The outer diameter r of the cylindrical barrel 414 is 
about the same as, or slightly smaller than, the inner 
diameter s of the neck portion 304 of the expandable 
sleeve 314; and the diameter r is larger than the inner 
diameter a of the axial bore 313, so that as the pin 412 
is forced into the axial bore 313, it passes without sub- 
stantial resistance through the neck portion, but causes 
the bone-engaging portion to expand outwardly against 
the wall of the bone hole. Thus, as pin 412 is urged 
frontward the beveled portion 411 presses outward 
against the inner surface of the bone-engaging portion 
of the sleeve, beginning at the beveled portion 319 of 
the interior of the sleeve, as described generally above 
with reference to Fig. 1 . 1 - 1 .3. As the front surface 453 
of the pin head 414 contacts the rear surface of the 
annular attachment portion 336 between the rear of the 
neck portion of the sleeve and the front portion of the 
holder body, the progress of the pin within the sleeve is 
stopped, and further frontward urging of the pin causes 
a failure of the annular attachment portion 336, effecting 
separation of the fully installed fastener from the holder 
body. Then the emplacement apparatus can be with- 
drawn from the site. Preferably, the head is provided 
with an abrupt front edge 454, to effect a shearing 
action; and the annular attachment portion 336 prefera- 
bly is provided with a circular undercut 338 to further 
improve the precision of the separation. 

Thus emplaced, the resulting rivet fastener is 
anchored firmly in place within the bone hole by the inti- 
mate contact of the deformed surface of the bone- 
engaging portion 315 of the expanded sleeve 314 with 
the bone hole wall; the shalt 416 of the pin 412 within 
the axial bore 313 holds the expanded sleeve tightly 
against the bone wall. The neck portion 304 of the 
sleeve stands above the bone surface, supported by the 
more rearward portion of the pin shaft 416 within. The 
head 414 of the pin 412 abuts the part of the annular 
attachment 336 that remains at the rear end of the 
sleeve following separation from the holder body so that 
the material to be fastened by the rivet is confined about 
the supported neck portion 304 of the sleeve, between 
the bone surface and the front-facing surface 453 of the 
pin head. 

Insertion tool 

A preferred emplacement apparatus retains the 



11 



EP 0 557 306 B1 



12 



pre-engaged fastener assembly prior to activation. The 
apparatus includes means for pressing the pin into the 
sleeve and then separating the base from the assembly. 
The fastener assembly can be a disposable cartridge 
60. as shown for example in the suture fastener assem- 
bly of Figs. 2.1 and 2.2. The cartridge contains the fas- 
tener assembly, the pin and a means of easily attaching 
the disposable cartridge to the apparatus. 

In more detail, with reference to Figs. 2 .1 and 2.2 t a 
fastener assembly 60 includes disposable cartridge 62 
containing emplacement apparatus 30. including holder 
body 32 attached by annular attachment portion 36 to 
expandable sleeve 14 as described above with refer- 
ence to Fig. 1.1, preloaded with plunger 40 and pin 12, 
poised with its beveled portion 11 close to the beveled 
portion 19 of the sleeve 14, as shown in Fig. 1.1; and 
provided with a suture 20, passing through the axial 
bore 18 of the pin and through an axial bore 47 of the 
plunger and knotted against the front end 22 of the pin. 
The knot 20 is fully contained within the sleeve prior to 
emplacement of the fastener in the bone hole, so that it 
cannot interfere with the insertion of the fastener into 
the hole. 

An axial bore 64 in nose 66 of cartridge 62 is 
dimensioned to closely fit the outside diameter of the 
rear portion of the sleeve 14, as shown more clearly in 
Fig. 1 .2, and, for clarity of presentation, excluded from 
other Figs. The holder body with attached sleeve is 
passed from behind forward through axial bore 64, so 
that the front surface 34 of holder body 32 contacts an 
inner surface 65 of nose 66, preventing further forward 
movement of the holder body and attached sleeve with 
respect to the cartridge. 

The cartridge can additionally include a takeup 
spool 79, for storage of the free ends of suture 20. 
When the apparatus is loaded, suture 20 is arranged to 
pass from the knot in front end 22 of pin 12, through pin 
axial bore 18, through out through hole 81 in the wall of 
plunger axial bore 47, and over and around spool 79. As 
the emplacement apparatus is withdrawn, leaving the 
fastener, with the suture attached, fixed in place in the 
bone hole, as described above with reference to Fogs. 
1 .1 - 1 .4, the free end of the suture 20 pays off from the 
takeup spool. 

Cartridge 62 is then removably attached to hand 
held means for urging the plunger 40 frontward with 
respect to the cartridge. In the configuration shown by 
way of example in Figs. 3.1 and 3.2, the hand held 
means 70 consists of two handle elements 72, 74, slid- 
ably engaged to provide a comfortable pistol grip 80 by 
which the rear handle element 74 can be moved in a 
front-and-rear direction with respect to the front handle 
element 72 by squeezing the pistol grip 80. The front 
end 73 of the front handle element 72 is adapted for 
removably mounting the rear end 68 of cartridge 62. for 
example in bayonet fashion, as shown in Figs. 3.1 and 
3.2. The front end 75 of the rear handle element 74 
includes a push rod 76 whose front end 77 abuts the 



rear end 50 plunger 40 when the handle elements are 
assembled and the cartridge is mounted onto the front 
end 73 of handle front element 72, as shown in Fig. 2.2. 
Alternatively, an axial bore 79 can be arranged to 
5 pass rearward through push rod 76 and handle rear por- 
tion 74, as shown for example in Figs.2 . 1 , for conduct- 
ing the suture rearward from the knot at the front end of 
the pin all the way to the outside, as for example at the 
rear. 

10 With the apparatus so assembled, the surgeon 
grasps the apparatus by the pistol grip, and directs the 
expandable sleeve to the desired depth into the pre- 
drilled hole in the bone. Then, while holding the appara- 
tus in place, the surgeon squeezes the grip 80 sliding 

is the rear handle element 74 frontward with respect to the 
front handle element 72, as indicated by the arrow 100. 
The push rod 76 presses against the rear end 50 of 
plunger 40, urging the plunger frontward with respect to 
the holder body 30, and thereby pressing the pin 12 into 

20 the axial bore of the sleeve 14, causing the sleeve to 
expand within the bone hole, and then causing the cylin- 
drical blade 48 to sever the connection between the 
sleeve and the holder body, leaving the fastener fixed in 
the bone as described above with reference to Figs. 1 .2 

25 -1.4. 

The emplacement apparatus of Figs. 6.1 -6.4 or 7.1 
- 7.4 operates generally as described above with refer- 
ence to Figs. 2.1 and 2.2, except that the holder body 
232 or 332 is connected at the rear by a snap-on inter- 
30 lock with the hand held means for urging the plunger 
frontward with respect to the expandable sleeve, rather 
than retained by way of a nose portion 66 of the car- 
tridge 60. 

Preferably the snap-on interlock is configured as an 

35 inserttble spring-loaded connector, in which a rear por- 
tion of the holder body forms the "male" part of the con- 
nector and a portion of the hand-held activator forms 
the "female" part. With reference now to either of Figs. 
6.1 or 7.1 a flange 510 is situated with a rear surface 

40 51 2 situated a fixed distance rearward from the severa- 
ble attachment of the expandable sleeve to the holder 
body. To the rear of the flange 510 is a groove 514 hav- 
ing a frontward-facing surface 516 generally perpendic- 
ular to the axis of the holder body, and the holder body 

45 tapers to rearward from the outer edge of the surface 
516. The hand held means (not shown in the Figs.) is 
provided with a generally cylindrical bore for receiving 
that portion of the holder body situated to the rear of the 
flange; and is provided with one or more keepers that 

so are moved away from the axis by the advancing taper 
518 and then spring into the groove 514 and lock 
against frontward-facing groove surface 516 when the 
rear portion of the holder body is correctly positioned 
within the receiving bore. The rear-facing surface 512 of 

55 the Mange 51 0 contacts a part of the hand held means 
adjacent the holder body receiving bore, to provide a 
stop establishing the correct rearward position of the 
holder body within the hand held means. The hand held 
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means is provided with a plunger that can be urged 
frontwardly with respect to the holder body receiving 
bore along the holder body axis, driving the pin before it 
toward and into the axial bore of the expandable sleeve. 

Preferably the length of the plunger is fixed in rela- s 
tion to the fixed front-to-rear distance between the rear 
surface 512 and the severable attachment of the 
expandable sleeve to the holder body, and a stop is pro- 
vided to limit the extent frontward to which the plunger 
can be urged within the hand held means, so that the 10 
separation of the expandable sleeve from the holder 
body is complete at just the point where the plunger has 
been moved to its frontmost limit. This ensures proper 
emplacement of the fastener in the bone hole, provided 
that the holder body is properly mounted in the handle 15 
and the user urges the plunger frontward as far as it will 

go. 

Example 

20 

Preliminary tests have demonstrated the effective- 
ness of prototype fastener and emplacement apparatus 
configured generally as described with reference to 
Figs. 1.1-1.4, and made and dimensioned as follows 
(dimensional abbreviations are indicated on Figs. 1.1 25 
and 1.4). 

The sleeve was formed of natural high density poly- 
ethylene ("PE"), type PDC 9122, supplied by Plastic 
Distributing Corp., and dimensioned to slide easily into 
a 3.5mm (0.1 38 inch) diameter (c) bone hole. The outer 30 
surface of the sleeve was machined to a 6-32 screw 
thread configuration to provide protrusions, rather than 
annular ridges as shown in Figs. 1.1-1.4, as screw 
threads are easier to form. A 6-32 screw thread config- 
uration provides a 0.1 38 inch (3.5mm) outermost diam- 35 
eter (b), so that the sleeve can be inserted into the 
3.5mm bone hole without resistance. The axial bore of 
the sleeve was of a uniform 0.090 inch (2.2mm) diame- 
ter (a), and its length (f) was 0.138 inches (3.5mm). 

The pin was formed of DuPortt Delrin 100, 40 
machined to have the general shape shown in Figs. 1.1- 
1.4, and an outermost diameter (g) of 0.125 inch 
(3.175mm). Delrin is much less deformable than the 
polyethylene of which the sleeve is made. The tapered 
leading edge of the pin permits the relatively incom- 45 
pressiWe pin to be forced into the 0.090 inch (2.2mm) 
sleeve axial bore and to expand the relatively soft 
sleeve, generally as shown in Fig. 1 .3. When the pin has 
been fully inserted within the sleeve, the device, as 
shown diagrammatically in Fig. 1.4, can have an outer- so 
most diameter (h) approximately 0.170 inch (4.32mm) 
providing for substantial deformation of the outer por- 
tions of the sleeve into the irregular wall of the bone 
hole, and thereby forming a firm fastener for the sleeve 
and pin. The pin has an axial bore of diameter 0.046 ss 
inches (1-1 7mm) (i), which accepts a pair of sutures for 
later use in attaching soft tissue to the bone surface. 
Before insertion of the pin, the sutures are passed 



through the axial bore of the pin and their frontward 
ends are knotted so that they stop against the frontward 
end of the pin. 

The outside configuration of the sleeve is a 6-32 
thread which provides a series of ridges which assist in 
permitting deformation of the sleeve in the bone hole 
and conformation of the sleeve outer surface as it is 
pressed into the 0.138 inch (3.5mm) diameter bone 
hole. In this prototype the threads are not used for turn- 
ing the sleeve into the bone, but rather to facilitate defor- 
mation of the outer portion of the sleeve when the 
sleeve is expanded within the bone hole. When the hard 
delrin pin is pressed into the sleeve, the threads of the 
insert are deformed by irregularities in the hard cortical 
bone hole wall, locking the fastener, and the pin com- 
pressed within it, into place, as shown by way of exam- 
ple, and less diagrammatically than in the other Figs., as 
described above with reference to Fig. 3. 

The sleeve was formed with an annular connection 
to a cylindrical holder body as described above with ref- 
erence to Figs. 1.1-1.4, and enclosed with a cartridge 
and provided with emplacement apparatus as 
described with reference to Figs.2.1 and 2.2, configured 
and dimensioned as follows. 

The holder body was formed as a cylinder having 
inside diameter (d) 0.156 inch (3.96mm) and outside 
diameter © 0.218 (5.54mm) and length 0.420 inches 
(10.67mm) . The connecting portion between the holder 
body and the rearward end of the sleeve was formed as 
an annulus having inside diameter 0.125 inches 
(3.175mm) and outside diameter 0.218 (5.54mm), and 
lengthwise thickness (ty 0012 inches (0.305mm) 

The plunger and attachment severing means was 
constructed by positioning a stainless steel rod within a 
closely-fitting stainless steel tube, and machining the 
tube to provide a punch-and-die configuration generally 
as in Figs. 1.2 and 1.3, having an outer diameter (I) 
0.150 inch (3.81mm) . The severing means was formed 
by machining the front end of the tube to form a sharp- 
ened step, located approximately 0.060 inches 
(1.524mm) rearward from the blunt front end of the 
plunger; the tube wall had a thickness (m) about 0.012 
inch (6.305mm) 

As the plunger is pressed frontward, it presses the 
Delrin pin before it into the sleeve, expanding the sleeve 
and deforming it against the bone hole wail. When the 
pin approaches the point where it has been pressed 
fully into the sleeve, the sharpened step reaches the 
0.012 inch (0.305mm) thick connecting annulus and 
passes through it shearing it and separating the fas- 
tener insert from the holding body. Then the emplace- 
ment apparatus is withdrawn together with the plunger 
and the holder body, leaving the fastener fixed within the 
predrilled bone hole. 

A 3.5mm (0.138inch) diameter hole was made in 
the bone to a depth of 8mm using a disposable spade 
drill with a stop to limit the hole depth. The prototype 
device was emplaced as described above with refer- 
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ence to Figs. 2.1 and 2.2 in femur bone recovered from 
a pig cadaver, and then was tested as follows. 

The hole was drilled into the pig femur cortical bone 
approximately normal to the bone surface to a depth 
about 8mm using a step drill. Then a suture fastener s 
loaded with a pair of #2 nonsterile braided polyester 
sutures was inserted into a cartridge and coupled to an 
installation tool, and positioned and fixed in the bone 
hole as described above. Then a knot was tied in the 
sutures at some distance from the fastener and looped w 
over an Ametek Accuforce€adet digital force gauge, 0- 
50 lbs. range (0-22.68kg) (Mansfield & Green) . The 
slack in the sutures was taken up by drawing the force 
gauge by hand away from the fastener in a direction per- 
pendicular to the bone surface, and then the holding is 
force was tested by sharply pulling the force gauge 
away from the bone by hand in a direction perpendicular 
to the bone surface. In such preliminary tests the fas- 
tener held, and the suture broke. These results demon- 
strate a holding capacity superior to those shown in 20 
similar tests using known devices now on the market. 
Apparently, the fastener according to the invention pro- 
vides a superior platform to secure the fastener 
because ft is locked into good dense bone, and because 
the conformity of the sleeve surface with irregularities in 25 
the bone provides a superior fixation. Moreover, there 
are no sharp edges in the fastener that can abrade the 
suture. 

The bone fastener described here can be used for 
fastening to bone any of a variety of objects, including 30 
tissues such as ligaments or tendons and prostheses 
such as bone plates. The fastener and emplacement 
apparatus can be used in any of a wide variety of ortho- 
pedic surgical procedures and settings. The fastener 
can provide superior holding capacity and relatively 35 
small size, and can be installed according to the inven- 
tion without hammering and without imposing any sub- 
stantial net force toward or away from the bone surface, 
and so the invention provides for fastening in surgical 
settings in which bone anchors have not been used, or 40 
have been used with less success. 

The fastener described here is of a readily drillable 
material, and the installed fastener is situated near the 
bone surface. Thus, removal of the device from the 
bone in a later surgical procedure is straightforward. If 45 
removal of a fastener is indicated, the surgeon can sim- 
ply use a drill, preferably of a somewhat smaller diame- 
ter than the original bone hole, to excavate the pin, and 
then the anchor and any debris can be simply with- 
drawn from the hole. so 

Other embodiments are contemplated. For exam- 
ple the sleeve and pin can have other configurations 
and dimensions. The sleeve can, for example, be con- 
figured to fit in a bone hole having other than cylindrical 
shape. The fastener can be made smaller or larger than 55 
shown in the example, according to the size and charac- 
teristics of the bone at the particular fixation site. As a 
practical matter the lower limit of the fastener diameter 



depends upon providing a pin whose diameter is great 
enough that it can be forced without collapsing into the 
axial bore of the sleeve. 

At the upper limit of size, as a practical matter a fas- 
tener requiring a very large hole in the bone may exces- 
sively compromise the bone structure itself, and in 
some circumstances a plurality of smaller fasteners may 
be preferred over a single larger one. 

The sleeve can be made using any biocompatible 
material that results in a sleeve that expands in the bone 
hole when the pin is forced into the axial bore of the 
sleeve; and preferably the sleeve surface, when the 
sleeve is expanded outwardly, deforms and conforms to 
irregularities in the bone hole wall. The sleeve can be 
made using a combination of materials that provide the 
desired combination of properties for the particular con- 
figuration. 

Materials appropriate for manufacture of the sleeve 
include, for example, low density polyethylenes (PE 
6010 and PE 2030) and polypropylene (13R9A and 
23M2) (all Rexene, Dallas, TX). Of these, for example, 
PE 6010 and 13R9A have been FDA approved, as 
Class VI implant materials. 

The pin can be made using any biocompatible 
material or combination of materials such that the pin is 
sufficiently incompressible that it serves to expand the 
sleeve outward against the bone hole wall when forced 
into the sleeve axial bore, and such that the pin can 
withstand the force of the plunger on its rear surface. 

Besides biocompatible materials known at present, 
other materials whose biocompatibilrty has not yet been 
demonstrated can be used in the pin and the sleeve, 
and in the emplacement apparatus, as will be evident to 
those of ordinary skill. Ultem™ s for example, is a mold- 
able, thermoformable polyetherimide polymer that has 
hardness, shear strength, and tensile strength charac- 
teristics that make it suitable for use in the pin; and 
moreover UHem™ is autoclavable. 

Configurations can be employed for the severable 
attachment between the holder body and the sleeve 
other than the complete annulus of severable material 
described above with reference to Fig. 1.3. For exam- 
ple, the attachment can consist of webbing between the 
holder body and the sleeve, or spokes 136 of severable 
material arranged at intervals between the holder body 
32 and the sleeve 14, as shown for example in Fig. 4. 
I.Now the cutting tool, shearing tool, or heating means 
need sever only the spokes, as shown at 136' in Fig. 
4.2. Or, a cutting tool, shearing tool, or heating element 
may be unnecessary where the severable attachment 
can be broken by applying force in a selective direction, 
as shown for example in Figs. 5. 1 and 5.2 in Fig.5 .1 
holder body 32 is attached to sleeve 14 by a plurality of 
very attenuated spokes 236. The front-to-rear dimen- 
sion of each of spokes 236 is sufficiently thick that it can 
withstand the counterforce required to balance the force 
of urging the pin into the sleeve axial bore. But the con- 
nection of the spoke to the sleeve 14 is thin enough so 
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that, with the pin fully inserted into the sleeve, and the 
sleeve fixed in the bone hole, the holder body can be 
rotated about its long axis, as indicated by arrow 200 in 
Fig. 5 . 1 ,to break off the attachments as shown at 236' 
in Fig. 9.2, freeing the fastener from the holder body. 5 

Claims 

1. A fastener (10) for coupling an object to bone (2) 
comprising a sleeve (1 4) of expandable material for 10 
insertion into a bone hole (3), the sleeve including 
an outer surface (15) expandable to conform with 
an inner surface (4) of the bone opening, said 
expandable sleeve having an axial bore (13) 
defined therein extending at least partially between rs 
the ends of said expandable sleeve; an elongated 
pin (12) having an end for insertion into said 
expandable sleeve, at least a portion (11) of said 
pin having an outer diameter greater than the inner 
diameter of at least a portion of said axial bore (13), 20 
the end of said pin for insertion into said sleeve 
including a projection (1 1) for expansion of the axial 
bore of said expandable sleeve upon engagement 
of the end of the said pin with said axial bore of said 
expandable sleeve; characterised in that an axial 25 
pin bore (18) extends through the pin and allows 
the passage of a suture. 

2. A bone fastener according to Claim 1 further char- 
acterised in that said pin includes a head for retain- 30 
ing an object to be fixed to the bone. 

3. A bone fastener according to Claim 1 or 2 further 
characterised in that said pin material comprises a 
biocompatible polymer, preferably polycarbonate or 35 
polysulfone. 

4. A bone fastener according to Claim 1 or 2 further 
characterised in that said sleeve (14) has a gener- 
ally cylindrical configuration. 40 

5. A bone fastener according to Claim 1 or 2 further 
characterised in that the outer surface of said 
sleeve includes a plurality of protrusions (16). 

45 

6. A bone fastener according to Claim 1 or 2 further 
characterised in that the outer surface of the said 
sleeve is provided with at least one annular ridge 
(16). 

50 

7. A bone fastener according to Claim 1 or 2 further 
characterised in that said sleeve is made of a ther- 
moplastic material capable of expanding when 
pressed outwardly by said pin. 

55 

8. A bone fastener according to Claim 7 further char- 
acterised in that said thermoplastic material is 
capable of conforming under pressure with irregu- 



larities in the bone hole wall. 

9. A bone fastener according to Claim 7 further char- 
acterised in that said thermoplastic material com- 
prises a high density polymer or a biocompatible 
polymer, preferably polyethylene or high density 
polyethylene or polypropylene or high density poly- 
propylene. 

10. A bone fastener according to Claim 1 further char- 
acterised in that the rear end of said sleeve mem- 
ber includes a severable attachment portion (36) for 
attaching said expandable sleeve to a holder (34). 

11. A combination of a bone fastener according to any 
of Claims 1 to 10 and an apparatus (30) for emplac- 
ing said bone fastener comprising a holder (32) 
severably attached to the expandable sleeve for 
holding said expandable sleeve in position within 
the predrilled hole in the bone, and a plunger (40) 
moveable in relation to said holder for forcing said 
pin into said sleeve axial bore, whereby said pin can 
be forced into said sleeve axial bore without impos- 
ing substantial net forces toward or away from the 
bone. 

12. A combination according to Claim 1 1 characterised 
in that said holder (32) comprises a generally cylin- 
drically shaped hollow body having a front and a 
rear end, said body being severably attached near 
its front end to the rear end of said expandable 
sleeve, means (40) moveable within said body for 
forcing said pin into said expandable sleeve, and 
means (49) for severing said attachment between 
said holder and said expandable sleeve. 

13. A combination according to Claim 12 further char- 
acterised in that said holder body (32) is severably 
attached to said expandable sleeve by an annular 
portion (36) connecting said holder body front end 
to said expandable sleeve rear end. 

14. A combination according to Claim 11 further char- 
acterised in that said plunger (40) includes a rod 
(42) that can be moved frontwardly and rearwardly 
with respect to said holder body, the front end of 
said plunger abutting the rear end of said pin to 
force said pin into said sleeve axial bore when said 
rod is moved frontwardly. 

15. A combination according to Claim 12 further char- 
acterised in that said attachment severing means 
(49) includes a cylindrical blade (44) having an 
annular cutting edge. 

16. A combination according to Claim 1 1 characterised 
in further comprising hand held means (70) remov- 
ably attached to said holder for moving said plunger 
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with respect to said holder. 

17. A combination according to Claim 12 or 13 as 
dependent on Claim 2 further characterised in that 
said head of said pin comprises said means for sev- s 
ering. 

18. The combination according to any of Claims 11 to 
17 further characterised in that said pin includes a 
suture. 10 

Patentanspruche 

1. Fixiervorrichtung (10) zur Befestigung von Objek- 
ten an Knochen (2), aufweisend eine Hulse (14) is 
aus ausdehnbarem Material zur Einfuhrung in ein 

in einem knochen befindliches Loch (3), wobei die 
Hulse eine Su&ere Oberfiache (15) aufweist, die so 
ausdehnbar ist t daB wie mit einer inneren Oberfia- 
che (4) der Offnung im Knochen Gbereinstimmt, die 20 
ausdehnbare Hulse eine darin definierte axiaie 
Bohrung (13) aufweist, die sich zumindest teilweise 
zwischen den Enden der ausdehnbaren Hulse 
erstreckt, und einen langlichen Stift (12) mit einem 
Ende zur Einfuhrung in die ausdehnbare Hulse, 25 
wobei mindestens ein Teil (11) des Stifles einen 
grfiBeren auBeren Durchmesser hat als der innere 
Durchmesser mindestens eines Teiles der axialen 
Bohrung (13), das Ende des Stiftes zur EinfQhrung 
in die Hulse einen Vorsprung (1 1) zur Ausdehnung 30 
der axialen Bohrung der ausdehnbaren Hulse, 
wenn das Ende des Stiftes in Eingrrff mit der axia- 
len Bohrung der ausdehnbaren HOIse kommt. auf- 
weist dadurch gekennzeichnet daB sich eine 
axiale Stiftbohrung (18) durch den Stift erstreckt 35 
und den Durchgang von Nahtmaterial gestattet 

2. Knochenf ixiervorrichtung nach Anspruch 1 , die Fer- 
ner dadurch gekennzeichnet ist, daB dar Stift einen 
Kopf zum Festhalten eines an den Knochen zu 40 
f ixierenden objektes aufweist 

3. Knochenf ixiervorrichtung nach Anspruch 1 Oder 2, 
die ferner dadurch gekennzeichnet ist, daB das 
stiftmaterial ein biologisch vertr&gliches Polymer, as 
vorzugsweise Polycarbonat Oder Polysulfon, 
umfaBt. 

4. Knochenfixiervorrichtung nach Anspruch 1 Oder 2, 
die ferner dadurch gekennzeichnet ist, daB die so 
Hulse (14) eine im allgemeinen zytindrische Gestal- 
tung hat. 

5. Knochenfixiervorrichtung nach Anspruch 1 Oder 2, 

die Ferner dadurch gekennzeichnet ist, daB die ss 
duBere Oberf lache der HOIse eine Vielzahl von Vor- 
sprungen (16) aufweist. 
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6. Knochenfixiervorrichtung nach Anspruch 1 oder 2, 
die ferner dadurch gekennzeichnet ist daB die 
auBere Oberfiache der Hulse mit mindestens einer 
ringfdrmigen Rippe (16) versehen ist. 

7. Knochenfixiervorrichtung nach Anspruch 1 oder 2, 
die ferner dadurch gekennzeichnet ist, daB die 
Hulse aus einem thermoplastischen Material her- 
gesteltt ist, das sich ausdehnen kann, wenn es von 
dem Stift nach auBen gedrOckt wird. 

8. Knochenfixiervorrichtung nach Anspruch 7, die fer- 
ner dadurch gekennzeichnet ist, daB das thermo- 
plastische Material sich unter Druck in 
UnregelmaBigkeiten in der Wandung des sich in 
dem kochen befindlichen Loches anpassen kann. 

9. Knochenfixiervorrichtung nach Anspruch 7, die fer- 
ner dadurch gekennzeichnet ist, daB das thermo- 
plastische Material ein Polymer mit hoher Dichte 
oder ein biologisch vertragliches Polymer, vorzugs- 
weise Polyethylen oder Polyethylen mit hoher 
Dichte oder Polypropylen oder Polyropylen mit 
hoher Dichte, umfaBt 

10. Knochenfixiervorrichtung nach Anspruch 1, die fer- 
ner dadurch gekennzeichnet ist, daB das hintere 
Ende des HOIsenelements einen abtrennbaren Ver- 
bindungsteil (36) zum Verbinden der ausdehnbaren 
Hulse mit einem Halter (34) aufweist. 

11. Kbmbination aus einer Knochenfixiervorrichtung 
nach einem der AnsprQche 1 bis 10 und einer Vor- 
richtung (30) zur Einbettung der Knochenfixiervor- 

• richtung, die einen Halter (32), der abtrannbar mit 
der ausdehnbaren Hulse verbunden ist und die 
ausdehnbare HOIse in dem vorgebohrten Loch in 
dem knochen in Position hatt, und einen Plunger- 
kolben (40), der in bezug auf den Halter beweglich 
ist und den Stift in die axiale Bohrung der Hulse 
drQckt aufweist wodurch der Stift in die axiale Boh- 
rung der Hulse gedrOckt werden kann, ohne daB 
praktisch Nettokrafte in Richtung auf den Knochen 
oder davon weg ausgeubt werden. 

12. Kbmbination noch Anspruch 11, dadurch gekenn- 
zeichnet, daB der Halter (32) einen im allgemeinen 
zylindrisch gefbrmten HohlkOrpor mit einem vorde- 
ren und einem hinteren Ende, wobei der KGrper 
abtrennbar in dar Nahe seines vorderen Endes mit 
dem hinteren Ende der ausdehnbaren Hulse ver- 
bunden ist, Einrichtungen (40), die in dem Kdrper 
beweglich sind und den Stift in die ausdehnbare 
Hulse drucken, und Einrichtungen (49) zum Tren- 
nen der Verbindung zwischen dem Halter und der 
ausdehnbaren Hulse, aufweist 

13. Kbmbination nach Anspruch 12, die ferner dadurch 
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gekennzeichnet ist, daB der K6rper des Hatters 
(32) abtrennbar durch einen ringfOrmigen Teil (36), 
der das vordere Ende des KOrpers des Halters mit 
dem hinteren Ende der ausdehnbaron Hulse ver- 
bindet, mit der ausdehnbaren HQIse verbunden ist. 5 

14. Kombination nach Anspruch 1 1, die ferner dadurch 
gekennzeichnet ist, daB der Rungerkolben (40) 
einen Stab (42) aufweist, der in bezug auf den K6r- 
per des Halters vor- und ruckwarts bewegt werden w 
kann, wobei das vordere Ende des Plungerkolbens 

an das hintere Ende des Stiftes anst6Bt und den 
Stift in die axiale Bohrung der Hulse druckt, wenn 
dar Stab vorw&rts bewegt wird. 

15 

15. Kombination nach Anspruch 12, die ferner dadurch 
gekennzeichnet ist, daB die die Verbindung Idsende 
Einrichtung (49) eine zylinderfdrmige Klinge (44) 
mit einer ringfdrmigen schneidkante aufweist 

20 

16. Kombination nach Anspruch 1 1 , die'ferner dadurch 
gekennzeichnet ist, daB sie eine Halteeinrichtung 
(70) aufweist, die an dem Halter entfembar befe- 
stigt ist und zur Bewegung des Plungerkolbens in 
bezug auf den Halter dient. 25 

17. Kombination nach Anspruch 12 Oder 13, sofern von 
Anspruch 2 abhSngig, die ferner dadurch gekenn- 
zeichnet ist, daB der Kopf des Stiftes die Einrich- 
tung zum Abtrennen aufweist. 30 

18. Kombination nach einem der AnsprOche 11 bis 17, 
die ferner dadurch gekennzeichnet ist, daB der Stift 
ein Nahtmaterial aufweist. 

35 

Revendications 

1. Rxateur (10) pour accoupler un objet k un os (2), 
comprenant un manchon (1 4 ) forme d'un materiau 
extensible et destine k §tre ins6r6 dans un trou d'os 40 
(3), le manchon comprenant une surface exterieure 
(15) extensible de maniere k s'adapter k une sur- 
face interieure (4) de I'ouverture de I'os. ledit man- 
chon extensible poss&Jant un pergage axial (13) 
defini dans ce manchon et s'etendant ou moins en 45 
partie entre les extremes dudit manchon extensi- 
ble ; une broche allongee (12) poss6dant une extr6- 
mite destinee k §tre ins6ree dans ledit manchon 
extensible, au moins une partie (1 1) de ladite bro- 
che possedant un diametre exterieur superieur au so 
diametre interieur d'au moins une partie dudit per- 
?age axial (13), I'extremite de ladite broche desti- 
nee k §tre ins6r6e dans ledit manchon comportant 
une partie saillante (11) destinee k eiargir le trou 
axial dudit manchon extensible lors de I'engage- 55 
ment de I'extremite de ladite broche dans ledit per- 
gage axial dudit manchon extensible ; caracterise 
en ce que le pergage (18) de la broche axiale tra- 



verse cette broche et permet le passage d'une 
suture. 

2. Rxateur pour os selon la revendication 1 , caracte- 
rise en outre en ce que ladite broche comporte une 
t§te servant k retenir un objet devant §tre f ix6 k I'os. 

3. Rxateur pour os selon la revendication 1 ou 2, 
caracterise en ce que ledit materiau de la broche 
comprend un polymSre biocompatible, de prefe- 
rence un polycarbonate ou une polysulfone. 

4. Rxateur pour os selon la revendication 1 ou 2, 
caracterise en outre en ce que ledit manchon (14) 
poss£de une configuration de forme generate cylin- 
drique. 

5. Rxateur pour os selon le revendication 1 ou 2, 
caracterise en outre en ce que la surface exterieure 
dudit manchon comprend une plurality de parties 
saillante (16). 

6. Rxateur pour os selon la revendication 1 ou 2, 
caracterise en outre en ce que la surface exterieure 
dudit manchon est pourvue d'au moins une nervure 
annulaire (16). 

7. Rxateur pour os selon la revendication 1 ou 2, 
caracterise en outre on ce que ledit manchon est 
forme d'une maniere thermoplastique pouvant se 
dilater lorsqu'elle est comprimee vers Texterieur par 
ladite broche. 

8. Rxateur pour os selon la revendication 7, caracte- 
rise en outre en ce que ladite mattere thermoplasti- 
que est k meme de s'adapter, sous pression, k la 
forme cfinrSgularrtes dans la paroi du trou d'os. 

9. Rxateur pour os selon la revendication 7, caracte- 
rise en outre en ce que ladite matfere thermoplasti- 
que comprend un polymdre haute density ou un 
polymere biocompatible, de preference du polye- 
thylene ou du polyethylene haute densrte ou du 
polypropylene ou du polypropylene haute densite. 

10. Rxateur pour os selon la revendication 1; caracte- 
rise en outre en ce que I'extremite arriere dudit ele- 
ment formant manchon comprend une partie de 
fixation (36) pouvant §tre rompue, pour la fixation 
dudit manchon extensible k un dispositif de retenue 
(34). 

1 1 . Combinaison d'un f ixateur pour os selon Tune quel- 
conque des revendications 1 k 10 et un appareil 
(30) pour mettre en place ledit f ixateur pour os com- 
prenant un dispositif de retenue (32) fix6, de 
maniere k pouvoir §tre sectionn6, au manchon 
extensible pour retenir ledit manchon extensible en 
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position dans le trou pr6alablement perform dans cations 11 & 17 caract6ris6e en ce que ladtte bro- 

I'os, et un piston (40) d^plagable par rapport audit che inclut une suture. 

dispositif de retenue pour repousser ladite broche 

dans ledit per$age axial du manchon, ce qui a pour 

effet que ladite broche peut §tre repouss6e dans s 

ledit perpage axial du manchon sans imposer la 

presence de forces nettes importantes en direction 

ou k partir de l*os. 



1 2. Combinaison selon la revendication 1 1 , caract6ris6 10 
en ce que ledit dispositif de retenue (32) comprend 
un corps creux de forme g6n6rale cylindrique pos- 
s6dant une extr6mit6 avant et une extr§mit6 arri&re, 
ledit corps 6tantfix§ de mantere k pouvoir §tre sec- 
tionn§, k proximity de son extr6mit6 avant, sur 75 
I'extrSmrte arri&re dudit manchon extensible, des 
moyens (40) mobiles k I'int6rieur dudit corps pour 
repousser k force ladite broche dans ledit manchon 
extensible, et des moyens (49) pour sectionner 
ladite fixation entre ledit dispositif de retenue et ledit 20 
manchon extensible. 



13. Combinaison selon la revendication 12, caract6ri- 
s6e en outre en ce que ledit corps (32) du dispositif 

de retenue est f ix6, de manfere k pouvoir §tre sec- 25 
tionn6, audit manchon extensible par une partie 
annuiaire (36) reliant ladite extr6mrt6 avant du 
corps du dispositif de retenue k ladite extrgmrte 
arriere du manchon extensible. 

30 

14. Combinaison selon la revendication 11, caract6ris6 
en outre en ce que ledit piston (40) comporte une 
tige (42), qui peut §tre d6plac6e vers I'avant et vers 
I'arri&re par rapport audit corps du dispositif de 
retenue, rextr6mit6 avant dudit piston venant en 35 
but£e contre rextr&nit6 arri&re de ladite broche 
pour repousser ladite broche dans ledit pergage 
axial du manchon lorsque ladite tige se displace 
vers Tavarrt. 

40 

15. Combinaison selon la revendication 12, caract6ris6 
en outre en ce que lesdits moyens (49) de section- 
nement de la fixation comprennerrt une lame cylin- 
drique (44) poss&Jant un bond de coupe annuiaire. 

45 

16. Combinaison selon la revendication 11, caract6ris£ 
en outre en ce qu'elle comporte des moyens de 
maintien manuel (70) f ix6s de fa$on amovible audit 
dispositif de retenue pour d§piacer ledit plongeur 
par rapport audit dispositif de retenue. so 

17. Combinaison selon la revendication 12 ou 13, con- 
sid6r6es comme d6pendantes de la revendication 
2, caract6ris6 en outre en ce que ladite t&te de 
ladite broche comprend lesdits moyens de section- ss 
nement. 

18. Combinaison selon Tune quelconque des revendi- 
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FIG. 6.2 
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